Abstract-Human apolipoprotein A-I (apoA-I) mimetic L-4F inhibits acute inflammation in endotoxemic animals. Since neutrophils play a crucial role in septic inflammation, we examined the effects of L-4F, compared to apoA-I, on lipopolysaccharide (LPS)-mediated activation of human neutrophils. We performed bioassays in human blood, isolated human neutrophils (incubated in 50 % donor plasma), and isolated human leukocytes (incubated in 5 and 50 % plasma) in vitro. In whole blood, both L-4F and apoA-I inhibited LPS-mediated elevation of TNF-α and IL-6. In LPS-stimulated neutrophils, L-4F and apoA-I (40 μg/ml) also decreased myeloperoxidase and TNF-α levels; however, L-4F tended to be superior in inhibiting LPS-mediated increase in IL-6 levels, membrane lipid rafts abundance and CD11b expression. In parallel experiments, when TNF-α and IL-8, instead of LPS, was used for cell stimulation, L-4F and/or apoA-I revealed only limited efficacy. In LPS-stimulated leukocytes, L-4F was as effective as apoA-I in reducing superoxide formation in 50 % donor plasma, and more effective in 5 % donor plasma (P<0.05). Limulus ambocyte lysate (LAL) and surface plasmon resonance assays showed that L-4F neutralizes LAL endotoxin activity more effectively than apoA-I (P<0.05) likely due to avid binding to LPS. We conclude that (1) direct binding/neutralization of LPS is a major mechanism of L-4F in vitro; (2) while L-4F has similar efficacy to apoA-I in anti-endotoxin effects in whole blood, it demonstrates superior efficacy to apoA-I in aqueous solutions and fluids with limited plasma components. This study rationalizes the utility of L-4F in the treatment of inflammation that is mediated by endotoxinactivated neutrophils.
INTRODUCTION
Neutrophils represent the most abundant pool of leukocytes in human blood and play a crucial role in inflammation [1, 2] . Neutrophils are able to degrade internalized pathogenic bacteria due to their large stores of proteolytic enzymes and rapid production of reactive oxygen species [ 1 , 2 ] . Neutrophils-released superoxides and myeloperoxidase (MPO) lead to formation of secondary oxidants with potent cytotoxic activity [3] . In case of severe neutrophil activation, tissue-infiltrating neutrophils release these lytic factors or pro-inflammatory cytokines causing organ tissue damage and failure [2, 3] . Gramnegative bacteria are major pathogens responsible for neutrophil activation in human inflammatory conditions including sepsis [4] . During entire life span, humans are persistently exposed to endotoxin or lipopolysaccharide (LPS), which is a toxic component of the outer membrane of Gram-negative bacteria. Toll-like receptor (TLR4), major cellular target for LPS in humans, has been shown to play a role in the pathogenesis of inflammation [4, 5] . In neutrophils, the stimulation of TLR4 by LPS Electronic supplementary material The online version of this article (doi:10.1007/s10753-014-9864-7) contains supplementary material, which is available to authorized users.
activates CD11b/CD18 expression [6] . This is associated with neutrophil activation and adhesion to target cells [2] .
Apolipoprotein A-I (apoA-I), the main protein constituent of high-density lipoproteins (HDL), has strong anti-inflammatory and anti-oxidant activity [7, 8] . Earlier (in 1991), our laboratory showed that human apoA-I and certain amphipathic helical peptides inhibit neutrophil adhesion, activation, degranulation, and superoxide production, which was further supported by others [9] [10] [11] . The effect of apoA-I on neutrophil activation appears to be mediated via the ATP-binding cassette transporter ABCA1 (membrane protein involved in apoA-I mediated cholesterol efflux) and a reduction in the abundance of lipid rafts and CD11b expression [11] . The infusion of human apoA-I or recombinant HDL resulted in beneficial effects in animal models of inflammation [12] [13] [14] or in clinical studies [15, 16] . In experiments that utilized LPS to induce inflammation, HDL/apoA-I have been shown to neutralize effects of LPS in vivo and in vitro by mechanisms that are at least in part mediated by direct binding of HDL/apoA-I to LPS [12, 15, 17] . Since apoA-I is a physiologically relevant molecule with anti-inflammatory properties, apoA-I infusion represents a natural choice in the development of HDL replacement therapy [18] . However, obtaining reconstituted HDL/apoA-I in therapeutic quantities is expensive and therefore impractical at present.
ApoA-I mimetic peptides with chain length as small as 18 amino acids have been developed as a feasible approach for plasma HDL replacement therapy [19, 20] . 4F, an apo A-I mimetic peptide with the sequence Ac-DWFKAFYDKVAEKFKEAF-NH 2 , mimics the helical repeating domains of apoA-I and exerts strong anti-inflammatory properties [19] [20] [21] . In animal models of acute inflammation, L-4F reduces inflammatory response and improves survival [22] [23] [24] [25] . L-4F also inhibits activation of human neutrophils stimulated by septic patient serum [24] . Importantly, our previous experiments strongly suggest that L-4F binds and neutralizes LPS [21, 24] . Therefore, we hypothesized that L-4F may have effects on LPSmediated neutrophil activation, analogous to the effects of human apoA-I. To test this hypothesis, we performed in vitro experiments in isolated human neutrophils, in isolated human leukocytes, and in human blood. In addition, we sought to measure L-4F and human apoA-I binding characteristics to LPS and compare their potential to neutralize endotoxin activity. We found that L-4F neutralizes LAL endotoxin activity more effectively than apoA-I and binds to LPS more avidly. We also found that L-4F and apoA-I likewise inhibit LPS-mediated inflammatory response in human blood and isolated neutrophils, incubated with high levels of plasma components. However, anti-endotoxin effects of L-4F appear to be superior to apoA-I in aqueous solutions and fluids with limited plasma components. Based on results of parallel experiments when human TNF-α and IL-8 were used for cell stimulation, we suggest that direct binding/ neutralization of LPS appears to be an important mechanism of L-4F effects in our LPS experiments. This study rationalizes the utility of L-4F in the treatment of inflammation that is mediated by endotoxin-activated neutrophils.
METHODS

LPS, apoA-I Mimetic Peptide Synthesis and Isolation of Human apoA-I
L-4F, with the sequence Ac-DWFKAFYDKVAEKFKEAF-NH 2 , was synthesized by the solid phase peptide synthesis method as previously described [26] . Human apoA-I was isolated and purified using the methods described previously [27] . LPS (Escherichia coli 026:B6) was obtained from Sigma-Aldrich (Saint Louis, MO).
Justification of Reagent Concentrations Used in the Experiments
In initial experiments using whole human blood (Fig. S1 ), we tested a dose-dependent effect of LPS from E. coli 026:B6 (Sigma) to induce a robust inflammatory response as assessed by plasma elevation of IL-6. We found that LPS at 1 μg/ml produced such effect (P<0.05 vs. control). This LPS dose was previously used by us in experiments studying effects of L-4F in human cells in vitro [21, 28] or effects of human apoA-I in isolated human neutrophils [11] . In similar experiments (Fig. S2) , we tested a dose-dependent effect of L-4F to inhibit LPS-induced inflammatory response. While L-4F at 50 μg/ml (concentration routinely used in cell culture experiments [21, 28, 29] ) produced strong inhibition (by 30 %, P< 0.05 vs. LPS), less dose at 10 μg/ml had only marginal inhibition (by 10 %, nonsignificant vs. LPS). However, because both, human apoA-I [11] and L-4F [24] , are effective at 40 μg/ml, we chose this concentration to competitively study the effects of these agents in the present work.
Experiments Using Human Blood Samples
All human studies were approved by the University of Alabama at Birmingham Institutional Review Board. All subjects provided written informed consent. Blood samples from healthy volunteers were collected by venipuncture into heparinized Vacutainer™ tubes (Becton Dickinson).
In Vitro Experiments with Human Blood
To 0.5 ml of blood from a healthy volunteer either: (1) saline; (2) L-4F (40 μg/ml); (3) apoA-I (40 μg/ml); (4) LPS (1 μg/ml); (5) LPS (1 μg/ml) and L-4F (40 μg/ml); or (6) LPS (1 μg/ml) and apoA-I (40 μg/ml) were added and incubated for 3 h at 37°C in 5 %CO 2 . The blood was then centrifuged at 4°C for 20 min at 300×g. Collected plasma aliquots were analyzed for TNF-α and IL-6 levels using commercially obtained ELISA kit (BD Biosciences) specific for humans. In a separate similar series of experiments, instead of LPS, we used 10 ng/ml human TNF-α (eBioscience) to stimulate whole human blood for 6 h at 37°C in 5 %CO 2 . We then measured plasma levels of IL-6 induced by TNF-α in the absence and presence of L-4F or apoA-I.
In Vitro Experiments with Isolated Neutrophils
Neutrophils were isolated from peripheral blood of healthy volunteers as previously described [30] by separation on a Ficoll-Histopaque gradient (Sigma-Aldrich). The final suspension of neutrophils contained more than 96 % of viable cells as evaluated by trypan blue exclusion. The prewarmed neutrophil suspensions (at 37°C, 3.5 × 10 6 cells/ml) were incubated in healthy donor plasma [50 % plasma in phosphate buffered saline (PBS)] with 1 μg/ml LPS in the absence or presence of L-4F (40 μg/ml) or human apoA-I (40 μg/ml) for 30 min (n=5), 1 h (n=4), and 3 h (n=4) at 37°C in 5 % CO 2 . Following incubation, neutrophils were isolated by gentle centrifugation and stained for measuring CD11b and lipid raft expression as described below, and cell-free supernatant was analyzed for TNF-α, IL-6, and MPO levels. In a similar separate experiment, we used human IL-8 (R&D Systems) to stimulate neutrophils for 1 h, instead of LPS.
Measurement of TNF-α, IL-6, and MPO Levels in Cell-Free Supernatant
The concentration of TNF-α and IL-6 were quantified by using commercially obtained enzyme-linked immunosorbent assay (ELISA) kit (BD Biosciences) specific for humans. A concentration of specific active human MPO was quantified by using the Calbiochem® InnoZyme™ myeloperoxidase activity kit purchased from EMD Millipore (Billerica, MA).
Flow Cytometry for CD11b and Lipid Rafts Detection
Following incubation with LPS, neutrophils were washed with PBS and incubated with FACS buffer [PBS containing 0.25 % bovine serum albumin (BSA), and 2.1 mM EDTA] for 15 min at room temperature. Neutrophils were again washed and incubated in FACS buffer with 1 μg/ml FITC-cholera toxin B (Sigma) for 30 min at room temperature. Mouse anti-human CD11b (activation epitope) allophycocyanin (APC; eBioscience) was added to samples and neutrophils were further incubated for 30 min at 4°C. After washing with PBS, the cells were fixed in 2 % paraformaldehyde. In control experiments, cells were treated in the presence and absence of mouse IgG1 K Isotype Control (APC, eBioscience). CD11b and lipid raft expressions were measured by flow cytometry using BD LRSII (Becton Dickinson). Analysis was performed using FlowJo software (version 7.6.5, Tree Star, Ashland, OR). Results were normalized to un-stimulated saline-treated control and expressed as a percentage change compared to control.
In Vitro Measurement of Oxidative Stress Using LucigeninAmplified Chemiluminescence
Fresh human leukocytes were collected from the blood of healthy volunteers by aspiration of a buffy coat. Any remaining red blood cells in buffy coat were lysed and removed from the leukocytes by centrifugation and washing using PBS. Following isolation, leukocytes (1-2× 10 6 cell/ml) were incubated in healthy donor plasma (5 and 50 % plasma in PBS, in parallel) with 1 μg/ml LPS in the absence and presence of 40 μg/ml L-4F or 40 μg/ml apoA-I (n=3). Lucigenin (10 μM) was added 2 min before adding L-4F or apoA-I and onset of measurements. Lucigenin-amplified chemiluminescence was measured at 37°C for 3 h as a marker of superoxide formation [24, 31] . Area under curves (AUC) of relative photon emission (RPE) over time were calculated and compared.
Measurements of L-4F and apoA-I Interaction with LPS in Aqueous Solution
Effects on Endotoxin Activity
Endotoxin activity of LPS in aqueous solutions (saline) in the absence and presence of indicated concentrations of L-4F or apoA-I was measured by limulus amoebocyte lysate (LAL) assay using kinetic-chromogenic test (Endochrome-K, Charles River) in accordance with manufacturer protocol (n=3).
Measurements of Binding Kinetics Using SPR
Binding of LPS to L-4F and human apoA-I were assessed using a Biacore T200 system (BiaCore, Piscataway, NJ) as previously described [32] . Briefly, L-4F and apoA-I were immobilized on two different surfaces of a CM5 sensor chip activated per the manufacturer's protocol, whereas another chip surface was left blank to serve as a reference surface. 30 μl of LPS, diluted in HEPES buffered saline, flowed over the CM5 chip at a rate of 20 μl/min at a concentration of 0, 0.05, 0.1, 0.2, and 0.4 mg/ml (in duplicates). The interaction was monitored as the changes of surface plasmon resonance (SPR) response for 2.5 min at 25°C. The same buffer was then introduced onto the sensor chip without LPS to start the dissociation. Surface regeneration was done by washing the chip with 10 mM glycine, pH 2.5. Bovine serum albumin (BSA, 0.1 mg/ml) was used as a negative control. The dissociation constant (K d ) was determined as k d /k a by Biacore T200 Evaluation Software version 1.0 based on 1:1 binding kinetics and LPS molecular weight of 1,000 kDa.
Statistical Analysis
All results, unless otherwise specified, are reported as the mean±SEM. Statistical analysis was performed using GraphPad Prism V.4.0.1 (GraphPad Software). Differences between groups were assessed by one-way or two-way ANOVA followed by Bonferroni's post hoc testing. A value of P < 0.05 was considered to be statistically significant.
RESULTS
Effects of L-4F and apoA-I on LPS-Induced TNF-α and IL-6 Production in Human Blood
We first compared the effects of L-4F and apoA-I on LPS-stimulated inflammatory response in freshly isolated peripheral whole human blood. We incubated 1 μg/ml LPS in human blood in vitro for 3 h with or without 40 μg/ml L-4F or apoA-I (n=4). LPS alone causes elevation of TNF-α and IL-6 levels in plasma (P<0.001 vs. controls, Fig. 1 ). Both L-4F and apoA-I inhibits inflammatory response to LPS in blood to an equal extent (Fig. 1) .
Effects of L-4F and apoA-I on TNF-α-Induced IL-6 Production in Human Blood
It has been shown that major toxic effects of LPS are mediated through TNF-α signaling [33, 34] . Therefore, we performed the experiments to assess the effects of L-4F and apoA-I on TNF-α signaling. Whole human blood was stimulated with 10 ng/ml human TNF-α for 6 h (n=4). Both, L-4F and apoA-I had only minimal effects on TNF-α-mediated elevation of plasma IL-6 (Fig. 2) . These results indicate that the effects of L-4F and apoA-I on inhibition of LPS-mediated effects are not via the TNF-α signaling as a major mechanism.
Effects of L-4F and apoA-I on CD11b Expression and Lipid Raft Abundance in LPS-Stimulated Human Neutrophils
Freshly isolated human neutrophils were incubated in 50 % donor plasma with LPS (1 μg/ml) in the presence and absence of L-4F (40 μg/ml) or apoA-I (40 μg/ml) for 30 min, 1 h, and 3 h. Neutrophils were then stained with anti-human CD11b (activation epitope) allophycocyanin (APC) and with cholera toxin B subunit FITC. Changes in CD11b expression and lipid raft abundance were measured by flow cytometry (Fig. 3) . LPS significantly increases CD11b expression in neutrophils (P<0.05 vs. control at all time points). Peptide L-4F and apoA-I inhibits this effect (P<0.05 vs. LPS, for L-4F at all time points and for apoA-I at 30 min, Fig. 3A, B) . LPS also significantly increases lipid raft abundance in neutrophils (P<0.05 vs. control at all time points), and L-4F or apoA-I inhibits this effect (P<0.05 vs. LPS, for L-4F at 1 and 3 h and for apoA-I at 1 h, Fig. 3C, D) . Neither L-4F alone nor apoA-I alone affects CD11b expression and lipid raft abundance in neutrophils in our experiments (NS vs. saline control).
There is a correlation between CD11b expression and lipid raft abundance in human neutrophils. In Fig. 4A , CD11b expression is plotted against lipid raft abundance during flow cytometry analysis for all treatment groups, with distribution pattern of neutrophils specific for linear relation. A correlation analysis between CD11b expression (APC mean fluorescent intensity) and lipid raft abundance (FITC mean fluorescent intensity) in each treatment group at different time points reveals significant correlation with r = 0.79 (P < 0.0001, two-tailed Pearson correlation, Fig. 4B) .
In a separate experiment, we tested whether L-4F can inhibit neutrophil activation by neutrophil chemotactic factor IL-8, which stimulates neutrophils through its specific receptor and also induces cd11b activation [35] . We find that 40 μg/ml L-4F, a concentration that inhibits LPSinduced neutrophil activation, produces only minimal effect on IL-8-induced increase of membrane expression of CD11b and lipid rafts abundance (Fig. S3) .
Effects of L-4F and apoA-I on LPS-Mediated TNF-α, IL-6, and MPO Production in Human Neutrophils
Following incubation of neutrophils with 1 μg/ml LPS in the presence and absence of L-4F (40 μg/ml) or apoA-I (40 μg/ml) for 30 min, 1 h, and 3 h, we measured plasma levels of TNF-α and MPO (Fig. 5) . LPS increases TNF-α levels at all time points, whereas L-4F and apoA-I inhibit this effect (P<0.05 vs. LPS, for 30 min and 1 h, Fig. 5A ). MPO levels are significantly elevated by LPS at 30 min and 1 h. Though both L-4F and apoA-I demonstrates inhibitory effect against LPS-mediated MPO elevation, only inhibitory effect of L-4F reaches statistical significance (P<0.05 vs. LPS, for 30 min and 3 h, Fig. 5B ). LPS also increases levels of IL-6 in cell media by 3 h (Fig. 6 ). L-4F significantly inhibits LPS-mediated IL-6 increase (P<0.05 vs. LPS), whereas apoA-I has only modest effect (nonsignificant vs. LPS).
L-4F Exhibits Enhanced Potency Compared to apoA-I in Inhibiting LAL Endotoxin Activity
We compared direct neutralizing effects of L-4F and apoA-I against endotoxin. L-4F or apoA-I at doses of 0, 1, 10, and 100 μg/ml were added to 1 μg/ml LPS in saline, and LAL endotoxin activity was immediately measured. L-4F and apoA-I neutralizes endotoxin activity in a dose-dependent manner (P<0.001, n=3, Fig. 7 ). L-4F also inhibits endotoxin activity more effectively than apoA-I (P<0.005, Fig. 7 ).
L-4F Binds LPS More Avidly Than apoA-I
To compare the kinetics of L-4F and apoA-I interaction with LPS, we utilized surface plasmon resonance (SPR) technique (Fig. 8) . In the experiment, L-4F and apoA-I are immobilized on CM5 sensor chip surfaces, and 30 μl of LPS (0, 0.05, 0.1, 0.2, and 0.4 mg/ml, in duplicates) Fig. 1 . Effects of L-4F and apoA-I on LPS-mediated production of inflammatory cytokines in whole human blood. L-4F or apoA-I (40 μg/ml) reduces plasma levels of TNF-α (A) and IL-6 (B) in the healthy whole human blood incubated with LPS (1 μg/ml) for 3 h in vitro (n=4/group). 2 . Effects of L-4F and apoA-I on TNF-α-mediated production of IL-6 in whole human blood. L-4F or apoA-I (40 μg/ml) does not reduce plasma levels of IL-6 in the healthy whole human blood incubated with T-NF-α (10 ng/ml) for 6 h in vitro (n=4/group). 
Effects of L-4F and apoA-I on LPS-Induced Oxidative Stress in Human Leukocytes
Freshly isolated human leukocytes were incubated in 5 or 50 % donor plasma with LPS (1 μg/ml) with and without L-4F (40 μg/ml) or apoA-I (40 μg/ml), and superoxide formation as a marker of oxidative stress was measured using lucigenin-amplified chemiluminescence (Fig. 9) . LPS alone induces strong chemiluminescence in low and in high plasma levels (P<0.0001 vs. saline), whereas L-4F and apoA-I inhibits the rate as well as peak of LPSmediated chemiluminescence (both P < 0.05 vs. LPS, Fig. 9 ). However, L-4F more effectively inhibits oxidative stress than apoA-I in the presence of 5 % plasma (P<0.05 vs. apoA-I). In the presence of 50 % plasma, the inhibitory effects of L-4F and apoA-I are similar (NS vs. apoA-I).
DISCUSSION
In the present work, we find that L-4F peptide, analogous to apoA-I, effectively inhibits LPS-mediated activation of human neutrophils, which is associated with reduction in CD11b expression and lipid raft abundance. In the presence of L-4F, LPS-stimulated neutrophils release reduced levels of TNF-α and MPO. These L-4F inhibitory effects on neutrophils are likely due to reduced oxidative stress. In aqueous solutions, L-4F binds more avidly to LPS than apoA-I and neutralizes endotoxin activity more effectively than apoA-I, which might result in higher antiendotoxin effects of L-4F, compared to apoA-I, in body fluids with limited plasma components.
In addition to enhanced binding ability of L-4F to LPS, there are multiple mechanisms that may be involved to explain L-4F actions described in the present work. It has been shown that HDL and apoA-I increase cholesterol efflux from neutrophils, which likely leads to disruption of lipid rafts and inhibition of CD11b expression [11] . It has been suggested that lipid rafts play an important role in LPS-mediated cell activation [36] , while CD11b is the major mediator for LPS effects in neutrophils [6] . A strong correlation between lipid raft abundance and CD11b activation in neutrophils has been reported [11] . In our experiments, LPS increased lipid rafts abundance and CD11b expression in human neutrophils, which was associated with increased release of active MPO and TNF-α in plasma. L-4F reduced these effects of LPS, analogous to apoA-I. Ability of L-4F to stimulate cholesterol efflux and reduce lipid raft abundance has been previously demonstrated in primary human monocytes [28] . In human monocyte-derived macrophages, disruption of rafts by 4F are believed to alter the assembly of TLR-ligand complexes in cell membranes, thus attenuating the responsiveness of macrophages to LPS [29] .
Oxidized lipids binding properties of L-4F and apoA-I may be another mechanism that can explain the results of the present work [37] . It is also important to note that L-4F binds pro-inflammatory oxidized lipids with higher affinity than human apoA-I [37] . LPS-mediated stimulation of neutrophils results in lipid oxidation [38, 39] , which promotes inflammatory cascade [38, 40] . L-4F can potentiate anti-oxidant activity of HDL by increasing HDL-associated paraoxonase 1 activity [20, 41] . Paraoxonase-1 protects lipoproteins against oxidation by hydrolyzing lipid hydroperoxides [42] and is most active when anchored to functional HDL [43] . However, human HDL becomes dysfunctional in the presence of MPO, which selectively oxidizes apoA-I [44] . L-4F can substitute apoA-I as a reactive substrate for MPO-derived hypochlorous acid without losing its lipid binding and cholesterol effluxing capacities [45] .
Recent data suggest that MPO released by neutrophils also exerts cytokine-like properties that are independent of MPO catalytic activity [46, 47] . MPO binds CD11b/CD18 integrins and induces neutrophil activation [46] , which causes the delay in neutrophil apoptosis and prolongs inflammation [47] . As we have observed, L-4F reduces MPO release by LPS-stimulated neutrophils and thus should reduce abovementioned effects of MPO.
In the present work, we focused on another important mechanism of L-4F, which relates to the ability of L-4F to directly interact with LPS [21] . This has been supported by the experiments in which TNF-a and IL-8 were used for cell activation instead of LPS. SPR experiments suggest the binding of L-4F to LPS occurs much faster and with higher affinity than apoA-I to LPS. This is consistent with our previous in vitro and animal experiments where interaction of LPS and L-4F was strongly suggested due to colocalization of Bodipy-LPS and 14 C-L-4F in FPLC fractions [21, 48] . Studies in vitro and in vivo suggest that HDL and apoA-I bind LPS, resulting in LPS neutralization [12, 15, 17] . Our results indicate that L-4F more efficiently neutralizes endotoxin LAL activity than human apoA-I. Direct binding to LPS can explain the ability of L-4F to compete with lipopolysaccharide-binding protein (LBP) for binding with LPS [21] and inhibit binding of LPS to leukocytes [24] , which should inhibit cell activation by LPS. A higher LPS binding and neutralizing properties of L-4F over apoA-I in aqueous media could be responsible for stronger inhibitory effects of L-4F in leukocytes when incubated in only 5 % plasma as the media in the present work. In contrast, L-4F and apoA-I produced similar inhibition of LPS effects in human blood and in isolated cells when the media contained higher plasma levels. At least two factors likely contribute to this phenomenon: (1) Though untested, L-4F peptide might bind to different plasma components (e.g., albumins) in addition to LPS and HDL, thus reducing actual effective dose of peptide; (2) Plasma contains LBP, soluble CD14, PON1, and other components that could potentially affect the efficiency of anti-endotoxin activity of apoA-I/HDL [17, 42, 49, 50] . Neutrophils and LPS are actively involved in the processes of initiation and progression of inflammation [1, 2, 4] . Recent studies indicate that neutrophils and LPS may also be actively involved in the pathogenesis of atherosclerosis [5, 38, [52] [53] [54] . Inhibition of LPS-mediated activation of human neutrophils, as demonstrated in our work, may be an important mechanism of enhanced antiatherogenic and anti-inflammatory activity of 4F peptide that has been shown previously in different animal models [19, 20, [22] [23] [24] [25] . An acceptable safety profile of 4F peptide has been recently shown in selected groups of patients with high-risk cardiovascular disease [55, 56] , which warrants clinical potential of this peptide.
Study Limitations
Our study has a number of limitations. First, in experiments in whole human blood and isolated neutrophils, we tested only one concentration of L-4F and apoA-I (40 μg/ml). We selected this dose after carefully incorporating the various considerations described in methodology section including use of different concentrations of L-4F for specific experiments (Fig. 7) . Second, the tolerability of L-4F doses studied here has not been evaluated in human in vivo situations [55, 56] . However, based on our observations, rodents were able to tolerate L-4F in much higher doses (Fig. S4) . Recent studies have also indicated that plasma concentrations of L-4F may not necessarily directly correlate to the biologic effects [56, 57] . Moreover, there may be intestinal targets for 4F effects [58, 59 ], which were not tested in the present study. Lastly, we used a high concentration of LPS to mimic severe inflammation, which may not encompass alternate mechanisms due to Gram-negative sepsis. We and others have previously demonstrated that L-4F has protective effects in cecal ligation and puncture model of polymicrobial sepsis [22] .
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